Background. A wide variety of psoriasis assessment tools have been proposed to evaluate the severity of psoriasis in clinical trials and daily practice. The most frequently used clinical instrument is the psoriasis area and severity index (PASI); however, none of the currently published severity scores used for psoriasis meets all the validation criteria required for an ideal score.
Psoriasis is a common chronic inflammatory disorder with multiple pathways of pathogenesis that can be associated with metabolic and cardiovascular disease. 1 It is a disease with a high burden and substantial impact on quality of life. Since there are no biomarkers available to assess disease severity, clinical assessment tools are used to measure the disease severity and treatment response in clinical trials and daily practice. 2 The ideal assessment instrument should consistently represent the true degree of disease severity, minimize inter-and intra-rater variability, be responsive to change, use the entire range of the scale (wide response distribution) and be easy to administer. [3] [4] [5] A wide variety of scoring systems have been proposed to assess the severity of psoriasis. More than 44 different outcome scoring systems were used in 171 randomized clinical trials of psoriasis therapies between 1977 and 2000, as reported in a review by Naldi et al. 3 Another systematic review performed in 2010 identified 53 separate clinical assessment instruments. 2 The psoriasis area and severity index (PASI) is the most commonly used clinical scoring system in research, but it has several disadvantages. The PASI has been criticized for being resource intensive, complex, lacking sensitivity, being low in accuracy and having a non-linear scale. Despite these limitations, the PASI is the most extensively used psoriasis clinical severity score and is considered the reference scoring system against which other assessments tools are compared. Based on systematic reviews, it appears that no single outstanding instrument has been developed for psoriasis, and none of the severity scores used for psoriasis meet all the validation criteria required for an ideal assessment instrument. 2, 6 Therefore, further work is still needed to validate existing instruments and to develop new and better ones.
The aim of this study was to compare and assess the reliability of 3 commonly used measures of psoriasis severity: the PASI, body surface area (BSA) and physician global assessment (PGA).
Material and methods

The subjects
Ten adult patients with plaque-type psoriasis of varying extent were recruited for the study at the Department of Dermatology, Venereology and Allergology, Wroclaw Medical University, Poland. All the subjects voluntarily agreed to participate in the study and written informed consent was obtained from all the subjects before any further procedure. Patients with erythrodermic, guttate or pustular psoriasis were excluded. All the participants were instructed not to apply topical treatment prior to the examination until all the assessments were completed. One patient withdrew consent at the beginning of the experiment and ultimately 9 patients were assessed.
The assessors
Ten practicing dermatologists (7 females and 3 males) were chosen from the Department staff to act as assessors in the study. The physicians' ages ranged from 26 to 36 years, and their duration of dermatology practice ranged from 1 to 11 years. Just before the study, all the participating physicians took part in a training session about using the assessment instruments and recording the data.
The study design
The study was conducted on a single day at Wroclaw Medical University's Department of Dermatology, Venereology and Allergology. In total, 9 subjects were evaluated twice by each of 10 physicians.
On the scoring day each patient was randomly allocated an individual examination room, where s/he remained until the study was completed. The patients received numbers; their names were not used. The physicians rotated from one examination room to the next one in a sequential order, which was precisely controlled. At any given time, only one assessor was assigned to one patient. Each physician independently scored the severity of each patient's psoriasis using the PASI, BSA and PGA, using standardized forms. Each observer used one form for each assessment tool per patient. Each form was collected immediately upon completion and stored until the end of the scoring session. The physicians evaluated all the patients with no time limit for the examinations. In general, the time it took each physician to complete all the assessments for all the patients was about 1 h. Directly after the first assessment, each physician was asked to evaluate each patient again, in the same order as previously, without access to the previous scores. The physicians were not allowed to discuss the assessments with one another until all the study forms were completed. Similarly, no communication between the physicians and the patients was allowed during the examinations.
Scoring methods
Psoriasis area and severity index (PASI)
The PASI was developed in 1978 by Fredriksson and Pettersson to assess the effects of retinoids in psoriasis. 7 The PASI combines assessments of 4 body areas: the head and neck (H), the upper limbs (UL), the trunk (T) and the lower limbs (LL). The percentage of skin affected by psoriasis in each area is given a numerical score (A) representing the proportion involved: 1 (0-9%), 2 (10-29%), 3 (30-49%), 4 (50-69%), 5 (70-89%) or 6 (90-100%). Within each area (H, UL, T, LL) the severity of 3 plaque signs -erythema (E), thickness/induration (I) and desquamation/scaling (D) -is assessed on a 5-point scale: 0 (none), 1 (mild), 2 (moderate), 3 (severe) or 4 (very severe). The final PASI score ranges from 0 to 72, and is calculated using the following formula:
Physician global assessment (PGA)
The PGA is an average assessment of all psoriatic lesions, based on erythema, scale and induration. It neither quantifies body surface area nor evaluates individual lesion locations. 9 There are 2 primary PGA forms: a static form, which measures the physician's impression of the disease at a single point, and a dynamic form, in which the physician assesses global improvement from a baseline. 10 The PGA chosen for this study ranged from 0-5 point, and the following categories were used: 0 = clear, 1 = almost clear, 2 = mild, 3 = moderate, 4 = severe, 5 = very severe.
Body surface area (BSA)
The most commonly used method to estimate the BSA of psoriatic lesions is the "rule of nines", which was originally developed for estimating the surface area of burns. It is defined as 9% coverage for the head and neck, 9% for each arm, 9% for the anterior and posterior legs, and 9% for each of 4 trunk quadrants, leaving 1% for the genitalia. The BSA can also be estimated by the number of a patient's hand areas affected, on the assumption that one "handprint" reflects approximately 1% of BSA.
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Statistical analysis
All the results were analyzed statistically using STATIS-TICA v. 12.0 software (StatSoft Inc., Tulsa, USA). Mean values and standard deviations were calculated for all the measurements. Possible differences between the first and second assessments were verified with a paired Student's t-test. Correlations between the parameters studied were calculated with the Pearson correlation test. The intraclass correlation coefficient (ICC) was calculated to analyze intra-rater reliability, with the following ranges: < 0.40 -poor reproducibility; 0.4-0.59 -fair, 0.6-0.74 -good; 0.75-1.0 -very good reproducibility. The coefficient of variation was used to assess inter-rater variability. It was interpreted as follows: 0-20% -slight; 21-40% -moderate; 41-60% -high; > 60% -very high variability. Only p-values less than 0.05 were considered significant.
Results
The mean PASI, BSA and PGA scores given each subject by 10 physicians in 2 assessment sessions are presented in Table 1 . There were no significant differences between 2 assessment sessions, except for the 3 rd patient's PASI score (p = 0.006). one was for the PGA (0.87). The ICC for all components of the PASI were also > 0.75, indicating very good reliability, except for the ICC for scaling (0.72), indicating good reliability (Table 3) . Among the components of the PASI, the highest ICC was observed for the area score (0.97). Table 4 shows the inter-rater variability of the PASI, BSA and PGA for all the physicians. The coefficients of variation (CVs) for the PGA and PASI were 29.3 and 36.9, respectively, indicating moderate variability. The CV for the BSA was 57.1, indicating high variability. The CVs for the separate components of the PASI showed the highest variability for the head and neck (117.8) and the lowest 1 for the area score (26.8) (Table 4 ).
Significant correlations were observed among the scales in both assessments ( Table 2 ). The Pearson correlation coefficient between the PASI and BSA for all 10 physicians indicates that the evaluations were very strongly correlated in the 1 st assessment (0.84) and strongly correlated in the 2 nd assessment (0.78). The correlation between the PASI and PGA was strong in both the 1 st and 2 nd assessments (0.61 vs 0.66). The correlation between the PGA and BSA was moderate in the 1 st assessment (0.55) and strong in the 2 nd assessment (0.61). Table 3 summarizes the intra-rater reliability of the PASI, BSA and PGA for all the physicians. In all 3 scales the ICCs were > 0.75, indicating very good reliability. The highest ICC was for the BSA (0.96) and the lowest In the present study, the BSA demonstrated high interrater variability. A systemic review performed by Puzenat et al. also showed that inter-rater variation was unacceptably high for the BSA. 6 For this reason, the BSA was not recommended for assessment of the clinical severity of psoriasis. The BSA could be calculated either by the "rule of nines" method or by the number of patient's hand areas affected. The findings of a meta-analysis performed by Rhodes et al. demonstrated that the widely accepted value of hand surface area as 1% of total BSA is inaccurate. 16 If hand surface area is to be used for adults, the estimate should be 0.9% for men and 0.85% for women. However, these values will be influenced by BMI and ethnic origin. This may explain why the BSA is often overestimated and why this assessment tool shows high inter-rater variability.
In the present study, the PASI and PGA achieved moderate inter-rater variability. In 2 previous studies interrater reliability was substantial for the PASI and moderate for the PGA. 8, 12 In contrast to the present study, the PASI was suggested as a more reliable assessment instrument than the PGA. However, in another study the PASI showed more variability than the PGA. 13 The data from the present study suggests that the head and neck area is the most difficult component of the PASI to be assessed properly, as it demonstrated very high inter-rater variability. This fact was not surprising, because scalp assessment is time-consuming and difficult due to the presence of hair. All other body areas demonstrated high inter-rater variability. It was surprising that, in contrast to the BSA, the body area score showed the lowest intra-rater variability among all the PASI components. The different methods of evaluating the affected area used in the PASI and BSA may be an explanation for this discrepancy. In the BSA the area is normally expressed as a percentage, whereas in the PASI it is given a value on a scale of 1-6 for 4 separate body areas.
Assessments of erythema and induration in the PASI revealed moderate inter-rater variability, whereas scaling showed high variability. There is no agreement on how scaling should be scored. Although the original publication 7 is used as the standard reference source, it is not desquamation (the shedding of skin scales) but scale thickness that is generally scored. 11 Scaling is a very unstable sign; applications of topical treatment and emollients have an influence on it. This was eliminated in the present study, because patients were asked not to apply any topical treatment prior to the examination. Patients rate degree of scaling as a strong indicator of disease severity, so appropriate evaluations of scaling by physicians is important in assessing the severity of psoriasis. 2 The relatively high inter-rater variation of the components of the PASI suggests that this scoring method is not suitable for follow-up of isolated signs of intensity and body areas.
The main limitation of this study is its small sample size (9 patients). However, in this study each assessor had to re-
Discussion
The PASI, BSA and PGA are the most frequently used psoriasis assessment tools. While these scales are commonly used to assess psoriasis severity in both clinical research and clinical practice, they have not been fully evaluated in terms of their validity and reliability, and no consensus exists on the best way to monitor psoriasis severity. 6, 8 Despite its widespread use, the PASI has never been formally validated. Its grading has never been properly defined or standardized.
11 Therefore, this study was undertaken with the aim of assessing the reliability of the PASI, BSA and PGA.
In the present study a significant correlation was found between all 3 of the psoriasis assessment tools tested. The correlation between the PASI and BSA was higher than between the other scales, whereas the lowest correlation was noted between the BSA and PGA. The lack of assessment of the area affected as a component of the PGA, in contrast to the PASI, is probably responsible for the lower correlation between the PGA and other scales. However, Langley and Ellis reported that the sum of the area scores using PASI was more highly correlated with PGA (r = 0.8) than the summed scores for erythema, induration or desquamation (r = 0.3 to 0.6), which suggests that physicians do incorporate the extent of involvement when using the PGA, even though it is not stated in the PGA. 13 However, it must be mentioned that many different versions of the PGA are described in clinical trials, and this variation has the potential to produce nonstandardized results. The scales used may range from 4 points to 10 points and the definitions used for the specific points on the scale vary slightly. 9 The present study demonstrated very good intra-rater reliability for all 3 scales, which can be ranked in the following order from the highest to the lowest In terms of intra-rater reliability: BSA > PASI > PGA. Intra-rater reliability for the BSA has also previously been described as very good. 14, 15 Two studies conducted by Berth-Jones et al. have demonstrated substantial intra-rater reliability for the PASI and PGA, and higher reproducibility for the PASI than for the PGA. 8, 12 However, the data presented by Langley and Ellis revealed over 12 times higher intrarater variation for the PASI than for the PGA. 13 The difference between these studies might be due to the statistical methodology.
In the present study, all of the PASI components had very good reproducibility, except for scaling, which had good reproducibility. As compared to the BSA, the PASI area score demonstrated the highest intra-rater reliability among all the PASI components. In terms of intra-rater reliability, the psoriatic plaque features are ranked from the highest to the lowest as follows: erythema > induration > scaling. The body areas are ranked in the following order: lower limbs > trunk > head and neck > upper limbs. cord over 50 measurements for each patient. Thus, a larger number of patients in a relatively short time period would fatigue the assessors and yield inaccurate results.
In general, comparing the PASI, PGA and BSA showed that the PGA had the lowest (i.e. moderate) inter-rater variability among 3 scales, whereas the BSA had the highest intra-rater reliability. The PASI showed intermediate values in terms of inter-and intra-rater reliability. The PGA is a quick and easy method to perform, making it a suitable tool in everyday practice, where there are different physicians performing each assessment. The BSA is the most reproducible method, which means it should be chosen in situations where repeated assessment are performed by the same physician. In conclusion, none of the 3 scoring methods showed a significant advantage over the others. A reliable assessment of psoriasis severity requires the use of several independent evaluations simultaneously.
